ABSTRACT: Objectives were to compare fresh belly characteristics, further processed belly characteristics, and commercial bacon slicing yields of immunologically castrated (IC) barrows, IC barrows fed ractopamine hydrochloride (IC+RAC), physically castrated (PC) barrows, intact males, and gilts. One hundred eightyeight bellies from pigs housed in single sex pens (n = 48) slaughtered at 130 kg ending live weight were evaluated for flop distance, length, width, thickness, and fatty acid composition. Bellies were injected, thermally processed, and sliced according to standard protocols at a USDA federally inspected facility. Complete slices were sorted by trained plant personnel. Then, sliced bellies were individually packaged to maintain anatomical orientation. The effects of treatments were analyzed as a generalized linear mixed model with pen of pigs serving as the experimental unit for all comparisons. Belly thickness was not different (P ≥ 0.11) in bellies from IC barrows (3.74 cm) compared with bellies from IC+RAC (3.60 cm), PC barrows (3.94 cm), or gilts (3.64 cm); however, bellies were 0.42 cm thicker (P < 0.01) in IC barrows compared with intact males. Iodine value was not different (P ≥ 0.06) in bellies from IC barrows (68.26) compared with bellies from IC+RAC (69.78), PC barrows (67.55), or gilts (69.45); however, iodine value was 2.32 units less (P < 0.01) in IC barrows compared with intact males. Green weight was not different (P ≥ 0.09) in bellies from IC barrows (4.88 kg) compared with bellies from IC+RAC (5.11 kg), PC barrows (5.10 kg), or gilts (4.79 kg); however, green weight was 0.56 kg greater (P < 0.0001) in IC barrows compared with intact males. Pump uptake and cooked yield was not different (P ≥ 0.15) among treatment groups. Slicing yield (as a percentage of green weight) was decreased (P ≤ 0.01) in bellies from IC barrows (93.61%) compared with bellies from PC barrows (98.42%) or gilts (98.19%); however, slicing yield was not different (P ≥ 0.11) among bellies from IC barrows, IC+RAC, or intact males. Overall, fresh belly characteristics of IC barrows were analogous to PC barrows and gilts, but commercial slicing yields of bacon manufactured from IC barrows were less than both PC barrows and gilts.
INTRODUCTION
Immunological castration is an alternative to physical castration that has recently become available in the U.S. swine production systems. Raising immunologically castrated (IC) barrows has been advantageous in comparison with physically castrated (PC) barrows as IC barrows grew faster (Dunshea et al., 2001; Fàbrega et al., 2010) , had leaner carcasses (Jaros et al., 2005; Schmoll et al., 2009; Fuchs et al., 2009) , and greater carcass cutability Morales et al., 2010; Boler et al., 2011b Boler et al., , 2012 than PC barrows. Additionally, fresh loin quality characteristics such as drip loss, ultimate pH, and lean color were not different between IC and PC barrows (Pauly et al., 2009; Boler et al., 2011b Boler et al., , 2012 . While the proportions of lean cuts were increased in IC barrows compared with PC barrows, bellies from IC barrows tended to be thinner and have narrower flop distances than PC barrows (Boler et al., 2011a . Furthermore, when distiller's grains were added to the diet of IC and PC barrows, IC barrows had greater con-
Experimental Design
One hundred eighty-eight bellies were obtained from the University of Illinois Meat Science Laboratory (Urbana, IL) sourced from a previous experiment Boler et al., 2014) . This experiment included pigs (Génétiporc G-Performer boars crossed with Fertilis 25 sows; Génétiporc, Alexandria, MN) fed the same corn-soybean meal basal diet and were slaughtered over a 5-wk period. Pigs were divided into 5 treatment groups consisting of IC barrows, IC+RAC (Paylean; Elanco Animal Health, a division of Eli Lilly, Greenfield, IN), PC barrows, intact males, and gilts. Pigs were raised in 2 equal blocks consisting of 96 pigs in each block (pigs were housed in pens consisting of 4 pigs per pen; 48 total experimental units, or 24 experimental units per block). Treatment groups had an equal number of experimental units (n = 10 pens) with the exception of the IC+RAC treatment group, which consisted of 8 experimental units (n = 8 pens). Overall, 4 pigs (2 IC barrows and 2 IC+RAC within different pens) did not complete the live phase portion of the study. Despite this, a total of 188 bellies were available for evaluation, and the original 48 pens were still represented. Immunologically castrated barrows received a series of two 2-mL subcutaneous injections of an antigonadotropin releasing factor immunological product (Improvest; Zoetis, Kalamazoo, MI). The first injection was administered when the pigs were approximately 16 wk old and the second injection followed 4 wk later when the pigs were approximately 20 wk old. Pigs were individually weighed every 2 wk before the second injection and then each week after receiving the second injection. Any pen of pigs with an average BW of 130 kg at 33 d after the second injection was humanely slaughtered. The selection process was repeated and pigs were slaughtered on 33, 40, or 47 d after the second injection as they reached an average BW of 130 kg . Thus, all pigs on the study were harvested over 3 wk within their respective block (5 wk total).
Fresh Belly Characteristics
Fresh skin-on bellies were sourced from pigs harvested in the summer of 2011 Boler et al., 2014) . Pigs were slaughtered at the University of Illinois Meat Science Laboratory under the inspection of the USDA Food Safety and Inspection Service over a 5-wk period. Pens of pigs that reached targeted BW at 47 d after second dose from the first block and pigs that reached targeted BW at 33 d after the second dose from the second block were slaughtered on the same day . Right sides of each carcass were fabricated to comply with Institutional Meat Purchase Specification (IMPS) as described by the North American Meat Processors Association (2010). Whole bellies had the spare ribs and teat line removed and flank end squared to the meet specifications of an IMPS number 409B belly. Bellies were laid flat on a table and covered with butcher paper for 48 h to allow for temperature equilibration and to minimize evaporative loss. After equilibration, fresh bellies were evaluated for flop distance, length, and width using a ruler at the midpoint of the longitudinal and cross-sectional axis. Thickness was evaluated at 8 individual locations across the belly. Measurements 1 through 4 were collected along the dorsal edge of belly starting at the anterior end by pushing a sharpened ruler through the skin-side-down belly. Measurements 5 through 8 were collected in the same manner on the ventral side of the belly starting at the anterior end. Average belly thickness was calculated from the mean of the 8 individual measurements. Belly flop distance was determined by measuring the distance between the skin of a belly draped skin-side-down over a stationary bar. A wider flop distance is an indication of a more firm belly and a narrower flop distance is an indication of a less firm belly. A fat tissue sample was collected for fatty acid profile analysis on each belly from the dorsal edge of the anterior end of each belly. Each belly was individually vacuum packaged, frozen (-29°C) and stored at the University of Illinois Meat Science Laboratory until all pigs were slaughtered.
Fatty Acid Profiles
Samples were prepared using the same procedure outlined by Tavárez et al. (2012) . In short, samples were submerged in N 2 , homogenized, and pulverized. The resulting powder was collected and used to obtain fatty acid methyl esters (FAME). Fatty acid profiles were determined using the procedure outlined in Weiss et al. (2013) . Briefly, fatty acids were separated by GLC using a CP-SIL88 capillary column (100 m by 0.25 mm by 0.2 μm film thickness; Varian Inc., Palo Alto, CA). Instrument conditions were an injector temperature of 250°C, a flame-ionization detector temperature of 255°C, hydrogen carrier gas at 0.8 mL/min, detector makeup gas (N 2 ) at 20 mL/min, and an injector split ratio of 75:1. The initial column temperature was 100°C, programmed at 6°C/min to 170°C for 50 min and then 8°C/min to 220°C for 20 min. Chromatographs from FAME were integrated and peaks were identified using a reference standard. Iodine values were calculated using fatty acid profile data with the following equation: IV = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 (2.616) + C20:1 (0.785) + C22:1 (0.723; AOCS, 1998). Total SFA, total MUFA, and total PUFA were calculated using all fatty acids within each respective classification. The ratio of unsaturated fatty acids (UFA) to SFA were calculated using fatty acid profile data with the following equation: UFA:SFA = (total MUFA + total PUFA)/ total SFA. Belly fat samples for IV, SFA, MUFA, PUFA, and UFA:SFA calculations used all 3 fat layers.
Cured Belly Manufacturing
Frozen vacuum packaged bellies were transported from the University of Illinois to The Ohio State University Meat Science Laboratory (Columbus, OH) after all pigs were slaughtered and fresh belly data were collected. Once at the meat lab at The Ohio State University, bellies were sorted by treatment, skinned, weighed individually to get an initial green weight, repackaged with an identification card attached, and transported to a USDA federally inspected bacon processing facility for further processing. Bellies were cured with a standard commercial cure solution targeted to deliver 1.50% salt at 113% of initial green weight. Due to commercial confidentiality needs, specific cure ingredients cannot be detailed. Bellies were weighed just after injection to get an individual pump weight and percentage uptake. Trees of bellies were sorted by treatment and weighed by tree after a standardized equilibration period to provide a drain weight and drain percentage loss per treatment. Bellies were then smoked and thermally processed using a step-up cooking cycle for approximately 4 h until internal belly temperature was 53.3°C. Target cooked yield was 100% of green weight (after chilling and immediately before slicing). Placement of bellies in the smokehouse were arranged to minimize variation between trees of bellies and variation of bellies within a tree. Thermally processed bellies were chilled for approximately 48 h before slicing to an internal temperature between -5.6 and -4.4°C. Cured and smoked bellies were individually weighed to obtain a cooked weight. Cooked yield was calculated with the following equation: (chilled cooked weight/green weight) × 100. Bellies were pressed and sliced according to the USDA bacon processing plant's standard protocol. Press dimensions were a height of 35 to 38 mm and a width of 220 to 240 mm. Bellies were sliced starting at the anterior end and working toward to the posterior end for a desired thickness to achieve 24 slices per kg (10 to 12 slices per lb). Complete slices were sorted by facility employees and boxed to maintain anatomical orientation. Ends and incomplete pieces were sorted and placed in a treatment bin. Sliced and boxed bellies were transported back to The Ohio State University Meat Science Laboratory for further analysis.
Cured Belly Characteristics
The individual sliced weight of each belly was determined and recorded. Ends and pieces were calculated by subtracting sliced weight from cooked weight. The number of complete slices were counted for each belly and recorded. Commercial slicing yield by green weight was calculated with the following equation: (sliced weight/green weight) × 100. Commercial slicing yield by cooked weight was calculated with the following equation: (sliced weight/cooked weight) × 100. Sliced bellies were oriented based on anatomical order from left to right, starting with the blade end and ending with the flank end. Bellies were then divided into 5 equal zones, with the appropriate number of slices in each zone based on the total number of slices in each particular belly. Zones were designated as A (blade end), B, C, D, and E (flank end; Robles, 2004) . The first 2 slices in a given zone were used for visual appraisal of shattering and proximate analysis composition. Shatters were defined as breaks in the fat that occur perpendicular to the length of the slice and not separation of the lean and fat (Salas-Perez, 2002) . Slices were packaged and stored for determination of fat and moisture after counting and recording the number of shatters in each given zone. Next, 1 complete slice was collected from the middle of zones A, C, and E for a total of 3 slices per belly. Slices were identified based on anatomical location as blade end (25% of the length of the belly from the anterior end), middle (50%), and flank end (75%). Slices were laid flat on a white sheet of cardboard with appropriate pig identification and anatomical location of each slice (blade, middle, or flank). The 3 slices were vacuum packaged as a set, frozen, and stored for image analysis.
Proximate Composition
Proximate composition was determined by taking the first 2 slices in each of the zones A, B, C, D, and E described above and homogenized in a Cuisinart food processor (CUI DFP-7BC; Cuisinart, East Windsor, NJ). Moisture and fat percentage were determined using the same procedure as outlined in Bohrer et al. (2013b) . Briefly, a 7-g sample of the homogenate was oven-dried in duplicate at 100°C for at least 24 h to determine percentage moisture. The dried sample was then washed multiple times in warm petroleum ether to determine fat percentage.
Bacon Slice Lean:Fat Image Analysis
Slices were identified based on anatomical location as blade end (25% of the length of the belly from the anterior end), middle (50%), and flank end (75%). Slices were photographed as a set using a Nikon D60 camera (Nikon Instruments Inc., Melville, NY) at a standardized distance from the samples. Images were converted to a black and white TIFF (tagged image file format) file in Adobe Photoshop Elements 3.0 (Adobe Systems Inc., San Jose, CA) where the individual slice outlines were selected using the magic wand tool. Image analysis was conducted using National Institutes of Health image processing and analysis in Java software ImageJ (Abramoff et al., 2004) . A ruler was included in each image to allow for the establishment of known distance. Threshold values were adjusted as needed within each image to account for variations in lean and fat color. Total slice length, width, and area were calculated using Adobe Photoshop Elements 3.0. Secondary lean area (cutaneous trunci [Person et al., 2005] ) was calculated by pixel density in ImageJ.
Statistical Analyses
Data were analyzed with the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) as a general linear mixed model. The fixed effect in the model was treatment (IC, IC+RAC, PC, intact male, and gilt). Replication by block interaction was considered a random variable. Pen (N = 48) served as the experimental unit for all analysis with the exception of regression analysis. Homogeneity of variance was tested with the Levene's test or Brown and Forsythe in the case of nonnormal data using the GLM procedure of SAS. Normality of the residuals was tested in the UNIVARIATE procedure of SAS with normal probability plots. Least square means were separated with the PDIFF option. Statistical differences were accepted as significant at P < 0.05 using a 2-tailed test.
Multilinear regression analyses were conducted using the REG procedure of SAS to determine a predictive equation for commercial slicing yield. The objective for performing these analyses was to gain a greater understanding of the characteristics affecting commercial bacon slicing yields. Due to this objective, regression analysis was performed independent of treatment and individual belly served as the experimental unit. The initial regression model included candidate independent variables of length, width, flop distance, belly thickness, belly green weight, IV, total SFA concentration, total MUFA concentration, total PUFA concentration, ratio of UFA to SFA, belly moisture, and belly fat. Multicollinearity among independent variables was determined using a variance inflation factor (VIF) statistic. It was determined that total SFA concentration, total MUFA concentration, total PUFA concentration, UFA to SFA ratio, and IV all had a VIF statistic >10 (highly collinear). Therefore, all except IV were removed from the model. The final regression model included the following candidate independent variables: length, width, flop distance, belly thickness, belly green weight, IV, belly moisture, and belly fat. Influence of individual observations on the estimated value was determined using the Difference of Fit (DFITTS) statistic. Observations were determined to have excessive influence on the estimation of the regression parameters when DFITTS ≥2 [(p/n) 1/2 ], in which p = the number of parameters considered. Five observations met this criterion and were removed from the data set. Independent variables were removed from the final model using a stepwise selection method. Independent variables were required to have a significant F statistic at the SLENTRY and SLSTAY level = 0.15 to be included and remain in the final model. Pearson correlation coefficients were determined using the CORR procedure of SAS.
RESULTS AND DISCUSSION

Fresh Belly Characteristics
Fresh belly characteristics are presented in Table 1 . There were no differences (P > 0.05) among any treatments for belly length and no differences (P > 0.05) in belly width among IC, PC, intact males, and gilts. Immunologically castrated barrows fed ractopamine hydrochloride (RAC) had the widest (P > 0.05) bellies among all treatment groups. Belly thickness was not different (P ≥ 0.11) in bellies from IC barrows (3.74 cm) when compared with bellies from IC+RAC (3.60 cm), PC barrows (3.94 cm), or gilts (3.64 cm); however, bellies were 0.42 cm thicker (P < 0.01) in IC barrows when compared with intact males. Physically castrated barrows had wider (P < 0.05) flop distances than all other treatment groups. Immunologically castrated barrows had flop distances that were 6.96 cm narrower (P < 0.05) than PC barrows. There were no differences (P > 0.05) in flop distances between IC+RAC and gilts. Intact males had the narrowest (least desirable) belly flop distance and were 12.10 cm narrower (P < 0.05) than IC barrows. Boler et al. (2011a) compared IC barrows, PC barrows, and intact males and reported bellies from IC barrows were generally thinner than PC barrows but thicker than intact males. Comparisons between IC bellies and those of gilts, however, were previously unreported. When comparing IC barrows with gilts or PC barrows, these data suggest bellies from IC barrows were more similar to bellies from gilts than they are to PC barrows in terms of length, width, and thickness. While bellies from IC barrows were firmer than bellies from gilts as indicated by a greater flop distance, they were not as firm as bellies from PC barrows.
Fatty Acid Profile
Fatty acid profile data are presented in Table 2 . Iodine value (AOCS [1998] equation) was not different (P ≥ 0.06) in bellies from IC barrows when compared with bellies from IC+RAC, PC barrows, or gilts; however, IV was 2.32 units less (P < 0.01) in IC barrows when compared with intact males. Iodine value was 2.23 units greater (P < 0.05) in IC+RAC when compared with PC barrows similar to the results of Bohrer et al. (2013a) where RAC increased calculated IV of barrows (physical castrates) and gilts by 1.9 IV units. Furthermore, IV was 3.03 units (P < 0.01) greater in bellies from intact males when compared with bellies from PC barrows. Total SFA percentage was not different (P > 0.05) in bellies from IC barrows when compared with bellies from IC+RAC, PC barrows, or gilts; however, total SFA percentage was 1.16(% units) less (P < 0.01) in IC barrows when compared with intact males. These results were similar to previous reports where total SFA concentrations between IC and PC barrows were similar even when pigs were slaughtered at different intervals after second injection or when total dietary lysine was manipulated (Boler et al., 2011a) . Wood et al. (1985) reported fatter carcasses tended to have a greater percentage of total SFA, particularly of C16:0 fatty acid. This can only partially explain these data, because percentage of C16:0 was not different (P > 0.05) in intact males (the leanest treatment group as reported by Boler et al., 2014 ) when compared to any other treatment group. Total MUFA percentage was not different (P > 0.05) in bellies from IC barrows when compared with bellies from IC+RAC, PC barrows, or gilts; however, total MUFA percentage was 2.04% units greater (P < 0.01) in IC barrows when compared with intact males. Total PUFA percentage was not different (P > 0.05) in bellies from IC barrows when compared with bellies from PC barrows or gilts; however, total PUFA was 1.21% units less (P < 0.05) in IC barrows when compared with IC+RAC and 2.37% units less (P < 0.01) in IC barrows when compared with intact males.
Cured Belly Characteristics
There were no differences (P > 0.05) among any treatment groups for pump uptake percentage or cooked yield (Table 3) . Differences among treatments groups for green weight, pumped weight, and cooked weight were reflective of primal yield differences reported by Boler et al. (2014) . Briefly, trimmed belly weight was greater in PC barrows and IC+RAC when compared with intact males and gilts, while trimmed belly weight was not different in IC barrows when compared IC+RAC, PC barrows, or gilts. Furthermore, belly weight was less in intact males when compared with all other treatment groups. Neither previous study reported differences in processing characteristics of IC barrows when compared with PC barrows (Boler et al., 2011a . a-d Means within a row for experimental treatments without a common superscript differ (P < 0.05).
1 Average thickness was calculated as the average of 8 locations (1 to 4 were from anterior to posterior position of dorsal edge of the belly; locations 5 to 8 were from the anterior to posterior position of the ventral edge of the belly).
Number of Slices and Commercial Slicing Yields
This was the first experiment to evaluate the slicing yields of bellies from IC barrows when compared with both PC barrows and gilts during commercial processing. Teat lines were removed and flank ends were trimmed before processing. Therefore, lean content was greater in these bellies than many used in commercial bacon processing and brine uptake and retention was greater than expected. Consequently, chilled cooked yields of all treatment groups were greater than 100% of green weight; therefore, overall slicing yields (regardless of treatment) were greater than anticipated. Nonetheless, relative differences should still be apparent. There were no differences (P > 0.05) among treatment groups for the weight of the ends and pieces or the number of slices from each belly (Table 3) . Commercial slicing yields calculated by green weight, however, were greatest among PC barrows (98.42%) and gilts (98.19%). Slicing yields (green weight) of IC barrows (93.61%) were 4.81% units less (P < 0.05) than PC barrows and 4.58% units less (P < 0.05) than gilts. This reduction in slicing yield would be substantial from an economic standpoint. Based on an average green weight of 4.83 kg as in this study, the reduction in slicing yield would result in 0.23 and 0.22 kg less bacon in IC barrows when compared with PC barrows and gilts, respectively. Adding RAC to diets of IC barrows ameliorated some of the negative effects of immunological castration on commercial slicing yields (green weight) and improved commercial slicing yields (green weight) of IC+RAC (96.37%) by 2.76% units. Additionally, commercial slicing yields calculated by cooked weight were greatest (P < 0.05) among PC barrows (92.89%) and gilts (92.56%). Slicing yields (cooked weight) of IC barrows (90.23%) were 2.66% units less (P < 0.05) than PC barrows and 2.33% units less (P < 0.05) than gilts. Including RAC in the diets of IC barrows ameliorated some of the negative effects of immunological castration once again on commercial slicing yields (cooked weight) and improved commercial slicing yields (cooked weight) of IC+RAC (91.35%) by 1.12% units. As reported previously, thinner bellies (Person et al., 2005) and greater PUFA concentrations (Shackelford et al., 1990) will potentially reduce bacon slicing yields. Differences in belly thickness and PUFA percentages were not statistically different between IC barrows and PC barrows, but the additive effects of the 2 parameters appeared to negatively influence commercial slicing yields of bacon from IC barrows when compared with PC barrows. Additionally, intact males, which had the thinnest bellies and greatest PUFA percentage also had lower (P < 0.05) sliced yields (green weight; 93.31%) when compared with PC barrows and gilts but were not significantly different (P > 0.05) than IC barrows (93.61%) or IC+RAC (96.37%).
Variability of Commercial Slicing Yields
Statistical mean differences among treatment groups were very important for defining an experimental population, but the variation associated with those means were equally important. Variation in commercial slicing yields of IC barrows, PC barrows, intact males, and gilts were presented over green weight (Fig. 1 ) and cooked weight (Fig. 2) . Slicing yields from IC+RAC were omitted from both figures because there was 1 less replicate per block for that treatment group relative to the other 4 treatment groups. The y-axis showed the number of bellies that fall within a 5% range of commercial slicing yields shown on the x-axis. There appeared to be variation in commercial slicing yields among the 4 represented treatment groups. Physically castrated barrows (σ = 4.01) had the least variation in commercial slicing yields when expressed as a percentage of green weight. Gilts (σ = 5.21) were next followed by IC barrows (σ = 8.02) and the intact males (σ = 12.00) had the greatest variation in commercial slicing yields. These results were not entirely unexpected. Physically castrated barrows had thicker bellies (P < 0.05) than intact males and gilts and were numerically (P > 0.05) increased when compared with IC barrows. Additionally, PC barrows had a lesser (P < 0.05) concentration of PUFA than intact males and gilts. As stated earlier, thinner bellies (Person et al., 2005) and greater PUFA a-d Means within a row for experimental treatments without a common superscript differ (P < 0.05).
1 Sliced yield (green wt) = (sliced weight/green weight) × 100.
2 Sliced yield (Cooked wt) = (sliced weight/cooked weight) × 100.
3 Average slice image analysis was the mean of image analysis evaluated on blade end, middle, and flank end slices.
4 Total shatters were counted between 2 slices in each zone.
concentrations (Shackelford et al., 1990 ) reduce slicing yields, but it also appeared these 2 parameters also increased variability in commercial bacon slicing yields. It is important for bacon processors to understand variability due to differences in raw materials, but variation in slicing yield can also be added due to inherent variation in the production process itself. Therefore, variability in commercial slicing yields as a proportion of cooked weight was also reported. It becomes apparent that when the variation in processing is removed, the variation in slicing yields is reduced. Physically castrated barrows (σ = 2.84) and the gilts (σ = 4.84) still had less variation than IC barrows (σ = 5.52), but when variation due to processing was removed, intact males had the greatest reduction in slicing yield variation (σ = 3.46). Some of the variation of the gilt and IC barrow treatment group may be due a single belly in each respective treatment group having a very low slicing yield (≤65%). In this experiment with a relatively low number of samples (n ~ 40), a single observation can have significant influence on variation.
Pearson Correlation Coefficients for Commercial Bacon Slicing Yields (Green Weight)
Pearson correlation coefficients were used for commercial bacon slicing yields (green weight) with fresh belly characteristics (Table 4) . Bacon moisture percentage had the greatest correlation (P ≤ 0.001) with commercial slicing yield (green weight) among all belly characteristics. Bacon fat percentage and belly flop distance each had a statistically significant yet relatively weak (r = 0.18 to 0.25) relationship (P ≤ 0.001) with commercial slicing yield (green weight). Total PUFA percentage (r = -0.19) and average belly thickness (r = 0.27) were also related to commercial slicing yield (green weight). When a stepwise regression equation was developed to predict commercial slicing yields (green weight) of trimmed, squared, and pressed bellies, only 36% of the variation in commercial slicing yield (green weight) could be accounted for with the following equation: 77.7998 + 0.1273 (flop distance) + 2.4433 (average belly thickness) + 1.4374 (green weight).
Pearson Correlation Coefficients for Commercial Bacon Slicing Yields (Cooked Weight)
Pearson correlation coefficients were used for commercial bacon slicing yields (cooked weight) with fresh belly characteristics (Table 5 ). Bacon moisture percentage had the greatest correlation (P ≤ 0.001) among all belly characteristics. Bacon fat percentage and belly flop distance each had a strong relationship (P ≤ 0.001) with commercial slicing yield (cooked weight). Total PUFA percentage and MUFA percentage were also strongly related (P ≤ 0.001) to commercial slicing yields (cooked weight).
Bacon Composition
Physically castrated barrows had the least (P < 0.05) percentage of moisture and the greatest (P < 0.05) percentage of fat among all treatment groups (Table 3) . Intact males had the greatest (P < 0.05) percentage of moisture and the least amount of fat among all treatment groups. Immunologically castrated barrows had less (P < 0.05) moisture than IC+RAC and gilts. There were no differences (P > 0.05) in fat content among IC barrows, IC+RAC, and gilts.
Bacon Slice Lean:Fat Image Analysis
Bacon slice image analysis data are presented in Table 3 . Immunologically castrated barrows fed RAC Table 4 3 UFA = unsaturated fatty acids. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
had the longest average total slice length (P < 0.05) among all treatment groups. These results were anticipated since fresh belly widths of IC+RAC were wider (P < 0.05) than all other treatment groups. The added width of the bellies from IC+RAC translated to a longer total slice length and a larger total slice area. No differences (P > 0.05) in average total slice length were noted among the remaining treatment groups. As anticipated, intact males had the least (P < 0.05) total slice width.
Immunologically castrated barrows and gilts were not different (P > 0.05) and were intermediate in terms of average total slice width. Finally, PC barrows had the greatest average total slice width but were not different (P > 0.05) from the IC+RAC. These results were also anticipated, as the PC barrows and IC+RAC had thicker bellies, which ultimately translated to greater average total slice width. Differences in length and width reported above were directly related to the differences in average total slice area. Intact males had the least (P < 0.05) average total slice area compared to all other treatments. Immunologically castrated barrows average total slice area was not different (P > 0.05) from gilts. Physically castrated barrows had intermediate average total slice area but were not different (P > 0.05) from the IC barrows, gilts, or IC+RAC. Immunologically castrated barrows fed RAC had the greatest average total slice area but were not different (P > 0.05) than PC barrows. As anticipated, PC barrows had the least (P < 0.05) average lean:fat when compared to all other treatment groups. Intact males had the greatest (P < 0.05) average lean:fat when compared to all other treatment groups. Immunologically castrated barrows, IC+RAC, and gilts were not different (P > 0.05) and were intermediate in their average lean:fat.
Conclusions
Overall, fresh belly characteristics of IC barrows were analogous to PC barrows and gilts, but commercial slicing yields of bacon manufactured from IC barrows were less than both gilts and PC barrows. Slicing yields (as a percentage of green weight) of IC barrows were 4.58% units less than gilts and 4.81% units less than PC barrows. This reduction in slicing yield would be substantial from an economic standpoint and warrants further research. Furthermore, slicing yields (as a percentage of green weight) were not different between IC barrows and intact males; however, when ractopamine was fed to IC barrows, slicing yields were improved (by 2.76% units) in IC barrows. Surprisingly, IV and flop, 2 key parameters often used as predictors of bacon sliceability, were only weakly correlated with slicing yield. Bacon continues to gain value as a processed meat Table 5 3 UFA = unsaturated fatty acids.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
product, and future research narrowing these gaps in the literature are of particular importance.
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